Introduction
Although conventional Image processing systems use video-rate for sampling images, video-rate is not sufficient for high-speed images of targets. Ishikawa et al. developed high-speed vision including general-purpose vision chips, target tracking vision chips column parallel intelligent vision systems, and reconfigurable embedded image processing systems [1] - [5] . In addition, various types of application systems which open a new era of high-speed vision were developed. In this paper, basic architectures and implementations of high speed vision as well as its applications including human interface, robots, factory automation, visual inspection, bio-medical applications, vehicles, ITS, security, media, and interactive art are shown.
High Speed Vision
Ishikawa et al. developed a high-speed vision system using massively parallel processing in 1992 as a scaled-up model of vision chip [1] . In 1999, Ishikawa et al. developed VLSI version of high-speed vision. It was a parallel processing vision chip with 64x64 pixels. Komuro et al. developed a special purpose vision chips for target tracking [3] , [4] and reconfigurable embedded image processing systems using FPGAs [5] .
Human Interface
Nakabo et al. developed a gesture recognition system using an active tracking mechanism in 1996 [6] . It could track human gestures by using low resolution but high-speed vision. Gesture UIs for TVs, games, computers, and PDAs are key devices which promise comfortable and unconstrained interaction if high speed human motions can be recognized. Figure 1 shows finger typing in the air [7] .
Industry/Inspection
A multi-target tracking system which can track more than 1,000 targets every 1ms was developed and applied to high speed 3D shape measurement system using laser multi-spot pattern projector. By using a 3D shape measurement system, 3D contours of books can be measured every 1ms, so book data can be reconstructing by using the 3D shape data. Figure 2 shows photo of the book flipping scanning system [8] .
Dynamic Image Control
Microscope images can be used for tracking small creatures or cells by using micro-visual feedback even if the targets move quickly. Oku et al. developed a high-speed 3D micro-visual feedback system which can observe moving paramecium, ascidian spermatozoa, and so on continuously in 3D space [9] .
On the other hand, microsecond order 2D tracking system using high-speed mirror deices [10] and high-speed variable-focus lenses were developed for dynamic image control.
High Speed Robot
If robots are visually controlled by sufficiently high frame rate video, robots will move at the speed limit which is determined by their dynamics. In other words, dynamics of sensors, actuators and computing systems should be matched with target dynamics to realize high speed and intelligent tasks for robots. Ishikawa et al. proposed this type of design concept for high-speed sensor feedback system as "dynamics matching" [11] . Moreover, Namiki et al. used an orthogonal decomposition to avoid time-consuming processes in the communication of feedback signals [12] .
Senoo et al. developed a batting robot using 3D active vision system that operates at 1,000 FPS. The batting robot can hit balls by using 3D ball position data without estimation, prediction and learning [13] . In 2008, Senoo et al. developed a throwing robot and unveiled a throwingbatting demonstration by using both robots [14] .
To realize faster robot tasking, high-speed robot hands were developed using new actuators which can realize high speed motion. The robot hand can work at the speed that is "too fast to see".
The hand can operate tweezers to catch small particles in the air. Figure 5 shows the system. In the system, 2D high-speed vision can measure the difference between the tweezers and the particle [15] . Figure 6 shows towel-holding task at sub-second order. Flexible materials can be moved in constant trajectory at high speed [16] .
The robot hands could realize various tasks including dynamic catching, raw egg catching, regrasping, finger dribbling, pen rotation, and so on at a high speed where video rate vision is too slow to control tasks.
Other Applications
High-speed vision has other applications such as vehicle control, ITS, security by networked vision, media, interactive art, surgery, and so on. In figure 7 , all application fields and basic technologies of high speed vision which are under development by Ishikawa et al.
Conclusions
High-speed vision can open a new era of image processing and realize high performance of visual feedback and image recognition which can make breakthroughs in various application fields.
